INTRODUCTION
============

MicroRNAs (miRNAs) are endogenous, 19-22 nucleotide-long, noncoding, single-stranded RNAs that regulate gene expression at the posttranscriptional level by inhibiting translation or inducing mRNA degradation \[[@B1][@B2]\]. Dysregulation of microRNAs has been reported in various human cancers, including breast cancer. Previous miRNA profiling studies have proposed potential biomarkers for diagnosis, classification, prognosis, and response to specific treatment. One miRNA profiling study with 76 breast cancers and 10 normal breast tissues showed that an expression signature comprised of 15 miRNAs distinguished between normal and cancerous tissues with 100% accuracy \[[@B3]\]. Several previous studies have proposed miRNA signatures that can stratify molecular subgroups of breast cancer \[[@B4][@B5]\]. In addition, some miRNA signatures that are able to predict the tumor progression and prognosis of patients with breast cancer have been identified \[[@B6][@B7]\].

Recent controversial studies have found that micro- RNA-370 (miR-370) is deregulated in cancer cells and may play a key role in tumorigenesis and progression by acting as an oncogene or a tumor suppressor gene. For example, miR-370 was reported to be upregulated and to function as an oncogene in human prostate cancer, Wilms tumor, gastric cancer, and acute myeloid leukemia. However, it has also been reported to be downregulated and to function as a tumor suppressor gene in laryngeal squamous cell carcinoma, gastric carcinoma, acute myeloid leukemia, cholangiocarcinoma, hepatocellular carcinoma (HCC), ovarian cancer, and oral squamous cell carcinoma \[[@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17][@B18]\]. The clinical significance of miR-370 in breast cancer has not yet been reported.

The goal of this study was to assess the miR-370 expression level in formalin-fixed, paraffin-embedded (FFPE) primary breast cancer tissue and to investigate whether miR-370 expression is associated with conventional clinicopathologic parameters and clinical outcome. Additionally, we tried to correlate miR-370 expression with previously identified target protein expression levels.

METHODS
=======

Patient and tissue specimens
----------------------------

For quantitative real-time polymerase chain reaction (qRT-PCR) analysis of miRNAs, archived FFPE specimens that had previously been used for routine pathological examination were collected from 60 patients who had undergone surgery for primary breast cancer from 2007 to 2012 at Hanyang University Medical Center. Hematoxylin and eosin (H&E)-stained slides, pathology reports, and other medical records were reviewed to confirm the diagnoses as well as to establish the clinicopathologic characteristics of the tumors, such as the patient\'s age, tumor size, histologic grade, American Joint Committee on Cancer/International Union Against Cancer (AJCC-UICC) stage, lymphovascular invasion, perineural invasion, lymph node metastasis, status of hormone receptors, human epidermal growth factor receptor 2 (HER2) status, and patient follow-up information. The American Society of Clinical Oncology and the College of American Pathologists guidelines were used for interpreting hormone receptor and HER2 testing results. The patients included 60 women, ranging in age from 32 to 78 years (mean, 50 years). None of the patients had received preoperative chemotherapy or radiotherapy. The median follow-up period was 38.1 months (range, 1-85 months). This study design was approved by the Institutional Review Board of Hanyang University Hospital (IRB number: 2014-12-002).

RNA extraction and reverse transcription
----------------------------------------

Representative blocks were selected, in which the tumor comprised more than 70% of the total area. Total RNA was isolated from five sections of 10 µm-thick FFPE tissue sections using a miRNeasy FFPE Kit (Qiagen, Germantown, USA) according to the manufacturer\'s instructions. RNA concentrations and purity were measured using a NanoDrop 2000 (NanoDrop Technologies, Waltham, USA). Total RNA was converted to complementary DNA using a Universal cDNA Synthesis Kit (Exiqon, Vedbaek, Denmark) according to the manufacturer\'s instructions.

Quantitative real-time polymerase chain reaction
------------------------------------------------

The reverse transcription products were amplified and detected with qRT-PCR using an ExiLENT SYBR Green Master mix and microRNA Locked Nucleic Acid PCR primers specific for miR-370 (Exiqon). RNU6B expression was used as a reference. A CFX96 real-time detection system (Bio-Rad, Hercules, USA) was used to perform qRT-PCR. The PCR parameters were as follows: 95℃ for 15 minutes, followed by 40 cycles of 95℃ for 10 seconds, and 60℃ for 1 minute. At the end of the PCR cycles, a melting curve analysis was performed. Each sample was examined in triplicate and the expression of miRNAs was defined based on the threshold cycle (Ct); relative expression levels were normalized using the ddCt method with respect to RNU6B.

Construction of tissue microarray
---------------------------------

H&E-stained slides were used to define the most morphologically representative, well-fixed, and nonnecrotic areas. Single tissue cores (2 mm in diameter) were sampled from each paraffin block and assembled into a recipient paraffin block using a tissue microarray (TMA) instrument (AccuMax Array; ISU ABXIS, Seoul, Korea).

Immunohistochemistry
--------------------

The expression of FOXO1, FOXM1, and FOXO3a was evaluated with immunohistochemical staining of 4-µm-thick sections from TMA blocks. The sections were first deparaffinized in xylene and then rehydrated through graded ethanol washes. For antigen retrieval, we performed autoclave heating of the sections at 100℃ for 30 minutes in a sodium citrate buffer (pH 6.0). Endogenous peroxidase activity was blocked with peroxidase blocking solution (S2023; DakoCytomation, Carpinteria, USA). TMA slides were incubated with primary antibodies at 4℃ overnight and incubated with labeled polymer (DAKO REAL EnVision/HRP, K5007; DakoCytomation) for 30 minutes at room temperature. The primary antibodies were rabbit antihuman FOXM1 (sc-502; Santa Cruz Biotechnology, Santa Cruz, USA), FOXO1 (\#2880; Cell Signaling, Danvers, USA) and FOXO3a (sc-11351; Santa Cruz Biotechnology) polyclonal antibodies used at a 1:100 dilution. 3,3\'-Diaminobenzidine was used as a chromogen for detection, and Mayer\'s hematoxylin counterstain was applied.

Interpretation of immunohistochemical staining
----------------------------------------------

All slides were evaluated independently by two experienced pathologists in a blinded fashion without any knowledge of the patient data. The percentage of positive tumor cells and intensity of staining were assessed using a semiquantitative scoring system. The intensity score was assigned as follows: 0 (negative), 1 (weak), 2 (intermediate), and 3 (strong). The proportion score was as follows: 0 (0%-5%), 1 (6%-25%), 2 (26%-50%), 3 (51%-75%), and 4 (76%-100%). Immunoreactivity for FOXM1, FOXO1, and FOXO3 was defined as cells showing a nuclear staining pattern with or without cytoplasmic staining in the tumor cells with minimal background staining. The expression of FOX proteins was determined by multiplying the intensity and proportion scores.

Statistical analysis
--------------------

SPSS version 21.0 (IMB Corp., Armonk, USA) software for windows was used for the statistical analysis. A chi-square test was used to analyze the relationship between miR-370 and various clinicopathologic parameters. An independent Student t-test was used to analyze the association between miR-370 and the expression of its potential target proteins. Both disease free-survival (DFS) and overall survival (OS) were evaluated to determine the prognostic value of miR-370 expression using the Kaplan-Meier method. Multivariable survival analyses using the Cox proportional hazard model was performed to evaluate an independent prognostic factor. A *p*-value of 0.05 was used to determine statistical significance.

RESULTS
=======

Correlation of miR-370 expression with clinicopathologic features
-----------------------------------------------------------------

The median value of the relative expression of miR-370 compared to RNU6B was used as a cutoff value to divide all patients into two groups: the low-miR-370 expression group (relative expression \<0.0063, n=30) and the high-miR-370 expression group (relative expression ≥0.0063, n=30). As shown in [Table 1](#T1){ref-type="table"}, the high miR-370 expression group was positively associated with lymph node metastasis (*p*=0.009), advanced AJCC stage (*p*=0.002), and frequent perineural invasion (*p*=0.042).

Correlation of miR-370 expression with prognosis in breast cancer
-----------------------------------------------------------------

The Kaplan-Meier curves with a log-rank test demonstrated that patients who had high miR-370 expression appeared to be significantly associated with worse recurrence-free survival than those who had low expression ([Figure 1](#F1){ref-type="fig"}). However, there was no significant association between miR-370 and overall survival. miR-370 expression failed to be an independent prognostic biomarker after adjusting for AJCC stage and histologic grade. On survival analyses stratified by molecular subtypes, luminal A (estrogen receptor \[ER\]/progesterone receptor \[PR\]-positive, HER2-negative, low Ki-67 index), luminal B (ER/PR-positive, HER2-positive or negative, High Ki-67 index), HER2-positive (ER/PR-negative, HER2-positive), and basal-like carcinoma (ER/PR-negative, HER2-negative), there was no significant correlation between the low and high miR-370 expression groups.

Association between miR-370 and target protein expression
---------------------------------------------------------

Previous *in vitro* studies have reported direct targets of miR-370 in several cancer types, including the Forkhead transcription factors FOXM1 and FOXO1 \[[@B10][@B13][@B14][@B15][@B19]\]. An online computational algorithm, targetscan (<http://www.targetscan.org/>), was employed to identify candidate target sites of miR-370, and it also revealed that FOXM1 and FOXO1 had potential target sequences in their 3\'-UTR regions. In addition, FOXO3a expression has been known to inversely correlate with FOXM1 expression in ovarian and breast cancer \[[@B20][@B21]\]. To compare miR-370 expression with previously known targets, we performed immunohistochemical staining for FOX proteins in consecutive sections ([Figure 2](#F2){ref-type="fig"}). However, mean FOX protein expression levels were not significantly different according to miR-370 status ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

Although an increasing number of studies have demonstrated that the dysregulation of miR-370 occurs in various types of cancer, no prior studies of miR-370 in human breast cancer were found in the literature. In the present study, we found that breast cancer patients with higher miR-370 expression levels tended to have regional lymph node metastasis, perineural invasion, and an advanced tumor stage. Moreover, elevated miR-370 expression was associated with shorter recurrence-free survival. We tried to validate our results using a publicly available miRNA expression database, SurvMicro \[[@B22]\]. Six datasets were available for breast cancer, two of which revealed that the low miR-370 expression group was significantly associated with poor prognosis. Another four datasets revealed no significant differences. Taken together, the data from this study and six independent datasets suggest that the impact of miR-370 expression levels on clinical outcome is still controversial, and an additional study with a large cohort of patients is necessary.

Several studies have demonstrated that the expression of miR-370 acts as tumor suppressor gene in several types of cancers. miR-370 was reported to be downregulated and to function as a tumor suppressor gene by targeting FOXM1 in laryngeal squamous cell carcinoma, *Helicobacter pylori*-induced gastric carcinoma, and acute myeloid leukemia \[[@B13][@B14][@B15]\]. The paternal miR-370 allele was found to be silenced in cholangiocarcinoma, and miR-370 upregulation inhibits the growth of cholangiocarcinoma cells \[[@B16]\]. In an HCC cell line, miR-370 is involved in the signal transduction of the nuclear factor κB pathway and shows suppressive effects on the migration and invasion of HCC cells \[[@B17]\]. Moreover, miR-370 is downregulated in endometrioid ovarian cancer, and the restoration of miR-370 enhances chemosensitivity to cisplatin \[[@B23]\]. However, other studies have contradictory results, suggesting that miR-370 acts as an oncogenic miRNA. Upregulation of miR-370 in the Wilms tumor G401 cell line results in an increased proliferation rate, upregulation of cyclin-dependent kinase inhibitors, and downregulation of cyclin D1, which suggests a role for miR-370 in enhancing cell proliferation \[[@B9]\]. miR-370 was reported to be upregulated and to function as an oncogene by targeting FOXO1 in human prostate and gastric cancers \[[@B8][@B10]\]. In a study of the serum of gastric cancer patients, higher levels of miR-370 were observed in patients than in controls. Moreover, patients having more invasive or advanced tumors also exhibited a higher plasma level of miR-370 \[[@B11]\]. Taken together, the functional role of miR-370 in cancer is still controversial. Here, we evaluated the clinicopathologic relevance of miR-370 expression in clinical breast cancer specimens, and we revealed that upregulation of miR-370 was correlated with tumor progression and adverse clinical outcomes. However, no significant associations were found between miR-370 and the expression of its putative target proteins (FOXO1, FOXO3a, and FOXM1). Our results suggest that miR-370 functions as an oncogene in breast cancer; however, its target may be different from those that have been described previously. Further research is required to identify the mechanism of miR-370 dysregulation and its targets in breast cancer.

FFPE tissue samples are well-preserved, readily available, and cost-effective archival material in the clinical setting. Furthermore, they can be linked with complete clinical follow-up and various clinicopathologic data. Therefore, much interest has focused on whether FFPE tissue can be used in clinical validation studies. Although mRNA in FFPE blocks are easily degraded and chemically modified, miRNAs have been known to be well preserved because of their short nucleotide length. Previous studies have demonstrated that miRNAs are preserved in FFPE cancer tissues exhibiting near total mRNA degradation, and the expression levels in FFPE tissue are well correlated with those of corresponding freshly frozen samples \[[@B24][@B25][@B26][@B27]\]. These results reveal the suitability of FFPE tissues as promising resources for clinical assays of miRNA expression. However, the use of FFPE tissue for RNA-based experiments is still challenging, and the correlation of qRT-PCR in FFPE and matched fresh frozen tissues is necessary to determine its reliability. We are unable to provide the correlation data in the current study due to the absence of the corresponding fresh-frozen tumor tissue.

In conclusion, the current study identified correlations between miR-370 expression in breast cancer and clinicopathological characteristics. Our findings suggest that high levels of miR-370 are linked to tumor progression and worse disease-free survival. Although further studies are needed to clarify the precise mechanism of the oncogenic effect of miR-370 in breast cancer, understating the oncogenic role of miR-370 may provide the basic knowledge required for the development of potential prognostic biomarkers and specific miRNA inhibitors as targeted therapies.
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###### Association of miR-370 expression and clinicopathologic characteristics in patients with breast cancer

![](jbc-18-323-i001)

  Clinicopathologic feature   miR-370, No. (%)   *p*-value   
  --------------------------- ------------------ ----------- -------
  Histological grade                                         0.430
   Grade 1 & 2                16 (44.4)          20 (55.6)   
   Grade 3                    14 (58.3)          10 (41.7)   
  Primary tumor size (cm)                                    0.279
   \<2                        13 (61.9)          8 (38.1)    
   ≥2                         17 (43.6)          22 (56.4)   
  LN metastasis                                              0.009
   Not identified             22 (66.7)          11 (33.3)   
   Present                    8 (29.6)           19 (70.4)   
  AJCC stage, 7th ed                                         0.002
   I & II                     27 (64.3)          15 (35.7)   
   III & IV                   3 (16.7)           15 (83.3)   
  Lymphovascular invasion                                    0.439
   Not identified             17 (56.7)          13 (43.3)   
   Present                    13 (43.3)          17 (56.7)   
  Perineural invasion                                        0.042
   Not identified             28 (57.1)          21 (42.9)   
   Present                    2 (18.2)           9 (81.8)    
  Estrogen receptor                                          0.792
   Negative                   13 (54.2)          11 (45.8)   
   Positive                   17 (47.2)          19 (52.8)   
  Progesterone receptor                                      0.785
   Negative                   9 (45.0)           11 (55.0)   
   Positive                   21 (52.5)          19 (47.5)   
  HER2 amplification                                         0.143
   Negative                   25 (56.8)          19 (43.2)   
   Positive                   5 (31.2)           11 (68.8)   

miR-370=microRNA-370; LN=lymph node; AJCC=American Joint Committee on Cancer; HER2=human epidermal growth factor receptor 2.

###### Association between miR-370 expression and FOX protein expression in breast cancers
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                               No.          Immunoreactive score (mean±SD)   *p*-value
  -------------- ------------- ------------ -------------------------------- -----------
  FOXO1          miR-370-Low   29           0.50±1.353                       0.092
  miR-370-High   28            0.07±0.262                                    
  FOXO3a         miR-370-Low   29           6.55±3.158                       0.528
  miR-370-High   28            5.96±3.805                                    
  FOXM1          miR-370-Low   29           2.33±1.842                       0.411
  miR-370-High   28            2.76±2.189                                    

miR-370=microRNA-370; SD=standard deviation.
